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ARB GHG Inventory Overview

• ARB responsible for maintaining state’s GHG 
inventory per AB 1803

• Accounts for emissions from all major economic 
sectors in the state

• Inventory serves multiple purposes for AB 32
1990 emissions level and statewide 2020 target
Informed Scoping Plan development

• Forest sector inventory unique
CO2 sequestration 
Only sector that estimates the net CO2 exchange to and 
from the atmosphere 

Presenter
Presentation Notes
The Global Warming Solutions Act (AB32), passed in 2006, required ARB to establish a statewide emissions level of greenhouse gas (GHG) from all economic sectors, including the forest sector, for 1990.  This aggregate estimate defines the statewide target for 2020, and informs the AB32 Scoping Plan.  AB1803, also passed in 2006, made the ARB responsible for maintaining and updating the statewide GHG inventory.ARB’s GHG inventory accounts for emissions from all major economic sectors in the state, including the forest sector.The Forest Sector GHG inventory is unique from other sectors in that it estimates the removal of CO2 from the atmosphere by vegetation growth, and emissions of CO2, CH4, and N2O to the atmosphere by processes occurring in the forest lands-and-forest-products system in the state.The Forest Sector inventory is also unique because it estimates the net direction and magnitude of the CO2 exchange between the Sector and the atmosphere in the state.  This is done in order to evaluate whether the Sector behaves as a net source or sink for CO2.
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CO2 Removal
(sequestration)

CO2 Emissions

Land

• wildland fire, land conversion, other    
disturbances

• harvest slash combustion, 
decomposition

• mill waste combustion

• landfilled wood waste decomposition, 
landfill gas combustion (wood products 
portion)

• composted wood waste decomposition

• vegetative growth in forests and 
wooded rangelands

Atmosphere

CO2

CO2

Presenter
Presentation Notes

The Forest Sector GHG inventory estimates the exchange of GHGs between California’s forest, range, and other lands and forest products with the atmosphere at a very coarse scale. It does not serve purposes of fine-scale carbon accounting in small forest project areas, or serve as a system for tracking “carbon credits” in a market. 

In this simple illustration, CO2 is removed from the atmosphere via photosynthesis and sequestration into trees and soil, while CO2 emissions to the atmosphere occur from a variety of processes.  These include emissions from wildland fires, the oxidation of timber harvest slash, the combustion of residues in mills, the decomposition of discarded wood products in landfills and composting facilities; and emissions from other land disturbances such as conversion.  Some of these processes also emit methane and N2O to the atmosphere.

Because the focus of the GHG inventory is to quantify and report where/when CO2 is removed from the atmosphere and where/when GHGs are emitted to the atmosphere, ARB has adopted an IPCC methodology called the Atmospheric Flow Approach.
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GHG Inventory: 
Forest Component
• Forest sector of current inventory 

uses 2004 Winrock Study of forest 
and rangeland GHG emissions and 
CO2 uptake

Limited geographical area (northern CA)
1994-2000 time period
Stock change used for CO2 estimation
CH4, N2O estimates

• Results from Winrock study 
extrapolated to other years for forests 
and rangelands statewide

Presenter
Presentation Notes
The “forest component” of the Forest Sector GHG inventory is based on the results from a CEC PIER program study published in 2004.
The study developed estimates of CO2 uptake and CO2, CH4 and N2O emissions by forest and rangeland ecosystems over a period spanning 1994 to 2000, for a region of northern California.
The study region comprised 84% of forested lands and 42% of range lands in the state.
Methods: The study estimated atmospheric CO2 removal and CO2 emissions from estimated changes in ecosystem carbon stocks in the region over the study interval, and used emission factors to estimate emissions of methane and N2O.  Emissions were estimated and reported by processes such as fire, harvest, and land use conversion, based on field data.  
Tree harvest required special consideration, because some carbon is released to the atmosphere through slash combustion and decomposition and soil disturbance, while a portion of harvested carbon is converted to wood products for which emissions are delayed.
Removals and emissions were then annualized to yield annual average rates of CO2 uptake and emissions for the 1994 to 2000 period.
Results from the study were extrapolated to other years (based on forest area trends) and to forest and range lands statewide.
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Key Forest Sector 
GHG Inventory Issues

• Winrock study limitations 
Data (temporal and spatial information)

Methods (fire emissions)

Comprehensiveness (soil CO2, urban forests, 
wood product decomposition)

Projections (forest land)

Presenter
Presentation Notes
Given that the current inventory is based in large part on a "one-time study" with limited data and geographic coverage, the Forest Sector GHG inventory was developed with the expectation that the inventory will be periodically updated and versioned based on new science, data, and methods.
Fire emissions will be refined spatially and temporally using a wildland fire model taking into account the distribution of fire, fuel loads, fuel moisture, and fuel succession.
Forest and rangeland conversion estimates will be improved. The CalFIRE 2006 Forest Resource Assessment Report, including analysis of statewide land use data, shows discrepancies with the ARB inventory that need to be resolved.
Soil carbon is a large component of ecosystem carbon.  CO2 emissions occur in forest and range land soils as a result of microbial activity and land management activities, are difficult to quantify, and were not included in the current inventory. Appropriate data and methods need to be evaluated before forest soil CO2 emissions are included in the inventory.
Urban forests comprise a small but growing fraction of forest cover in the state. Urban forests are removing CO2 from atmosphere and releasing GHGs to the atmosphere, while providing urban climate benefits, but were not included in the inventory. ARB in partnership with CalFIRE, USDA-FS and researchers, plans to bring these into the inventory.
Emissions from wood product decomposition present a special challenge and comprise a significant portion of Forest Sector CO2 emissions.  In the anaerobic conditions of landfills, a fraction of the carbon in wood products is converted to approximately equal parts methane and CO2, with the remaining 57-66% inert carbon persisting for many decades.  ARB estimated landfilled wood product emissions using wood product waste data from the CIWMB, landfill monitoring data, and a First Order Decay Model. The fraction of wood products in landfills that come from the California forest sector is currently unknown, however roughly 80% of wood products consumed in California are imported from outside the state. Future inventory work will seek to resolve the contributions of in-state and imported wood products to emissions.
Refinement of future forest sector projections is needed, taking into account land management, natural disturbance, and climate forcing in order to gauge progress towards attaining policy goals. The current inventory assumes declines in forest GHG exchange based on forest land area losses forecasted by the USDA Forest Service.  This approach to projecting forest GHG exchange may be overly simplistic and should be re-evaluated.
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Planned Improvements

• Increased coverage of the state’s forests and 
rangelands

• Updated and improved emissions accounting 
methods

• Improved accounting of carbon pools to include 
imported and domestic wood products 

• Mechanism to allow for in-house data updates

• Improved forecasting

Presenter
Presentation Notes
For future editions of the inventory, ARB, in collaboration with partners in the land management agencies and research community, will seek to develop new estimates, informed by a combination of approaches including remote sensing, ground-based data, and models. Planned improvements are intended to fill existing data and methodological gaps.

In addition, we will improve our ability to update the forest inventory by developing access to datasets on a routine basis.
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Symposium on Forest Accounting, 
Assessment and GHG Exchange

Purpose
• Symposium will consider the capabilities of 

ongoing forest inventory programs, 
observational networks, and special studies and 
identify opportunities for improved quantification 
of California forest GHG inventory
• Land inventories in CA
• Forest and rangeland stocks, GHG emissions, and 

CO2 removal
• Forecasting to 2020 and beyond 

Presenter
Presentation Notes
Some additional categories have also been identified for inclusion in future editions of the inventory.

To better inform ARB staff regarding the areas and opportunities for these further improvements to the forest GHG inventory, staff is scheduling a Forest Emission Accounting Symposium to consider capabilities of current ongoing forest inventory programs, other observational networks, and special studies, and identify opportunities for improved quantification of current and future California forest sector carbon stocks, carbon balance, and GHG exchange.
A separate, later, symposium has been proposed to discuss Forest Sector monitoring and tracking approaches to determine progress toward maintaining the no-net loss of forest carbon or sequestration capacity.
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Symposium on Forest Accounting, 
Assessment and GHG Exchange (cont.)

Planned Sessions
• ARB’s forest sector GHG Inventory: key 

categories and processes
• Land inventories in CA:  Fundamental to GHG 

inventory
• Ecosystem Stocks, CO2 Removal and GHG 

Emission Processes
• Future Scenarios of Forest Condition

Presenter
Presentation Notes
Planned sessions of the Symposium will cover the following areas: land inventories in CA; Forest Sector stocks and associated carbon sequestration, transfer, and GHG emission processes. This includes how ecosystem stocks are quantified using ground- and remote sensing-based approaches; it includes forest-atmosphere fluxes and model calibration; and it includes regional carbon budget approaches combining ground-based data, remote sensing, and modeling.  
Another theme will be Improving forecasts of future forest conditions, taking into account land management, natural disturbance, and climate forcing so that we can gauge progress towards attaining our policy goals.
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Symposium on Forest Accounting, 
Assessment and GHG Exchange (cont.)

Invited speakers  
• USDA-FS
• NASA
• CalFIRE
• University of California
• Oregon State University
• LBNL
• CEC-PIER

Presenter
Presentation Notes
Experts and scientists from the following agencies and universities have been invited to attend and present information on the session topics.  We are proposing to hold the symposium on July 24th at the Cal/ EPA building here in Sacramento.  

That ends my presentation.  I’d be happy to answer questions.
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